Objectives: The aim of this paper is to use the Preliminary Risk Analysis (PRA) method to assess the criticality of the different stages in the process of preparing parenteral nutrition bags for use in neonatal resuscitation and, if necessary, improve the handling of the process itself.
Introduction
Nutritional preparations must be sterile and are only prepared in the optimal safety conditions outlined in the Good Preparation Practices published in 2007 [1] in France. A quality assurance system must be established with competent, trained staff and appropriate facilities.
The preparation of parenteral nutrition bags is a complex task due to the large number of contributors involved. It is also a high-risk process due to the sterility requirements and the vulnerable nature of premature babies. Another specific characteristic of the task is the fact that the European Pharmacopoeia requirements for the incubation time of microbiological samples (14 days [2]) cannot possibly be adhered to. Bags are only cleared for use once a range of production criteria have been met, thus ensuring the sterility of the final preparation. The chemical risk, meaning wrong product or wrong dose, also has to be taken into account.
PRA was carried out at our University Hospital following the recurrence of undesirable events in the production unit (For instance: hospital information technology system failure, robotic device operation error, lack of necessary skills). This measure is in line with the legal obligations prescribed by French law [3] [4] [5] [6] [7] [8] [9] .
The PRA method was developed in the early 1960s for the aeronautical and military sectors. Its use in the health sector is now increasing [6, 7] . It constitutes an interesting method for assessing the production of parenteral nutrition bags. While Failure Mode, Effects and Criticality Analysis (FMECA) have already been published for parenteral nutrition bags preparation [10, 11] , we report here the first PRA applied to parenteral nutrition production. From a theoretical point of view, PRA method processes from identified system risks and is more exhaustive to FMECA that focuses on one failure mode a time [12] .
An inductive method is used to identify the different dangers in a process and then assess their potential to cause an accident [13] . There are two main stages in a PRA evaluation (Figure 1 ): -The PRA system identifies dangerous situations and the vulnerability they present. -PRA scenarios enable to assess the criticality of a residual risk so that risk mitigation measures can be proposed.
The aim of this paper is to use the PRA method to assess and mitigate the risks involved in preparing parenteral nutrition bags. The methodology consists of two stages: an evaluation of the initial risks followed by an assessment of the residual risks once the process has been optimised.
Materials & methods
The study was conducted over a four-month period at the parenteral nutrition production unit at our University Hospital, where bags for premature babies are prepared. The unit opened in 2001 and operates 6 days per week. There are currently 14 pharmaceutical assistants who have been trained to ensure bags production even on Saturdays. The unit is composed of 3 successive clean rooms: a dressing sas (ISO 8), a decontamination room (ISO 7) and the production room (ISO 6). Production is performed in horizontal laminar flow hoods. Since 2008, a commercial production device (EM 2400 Baxter) has been used to prepare the bags. The whole process, from prescription to preparation to administration, is computerised, with no transcription stage. Some activities are outsourced to other hospital units or external companies (e. g. biocleaning, bags check for dosage and sterility, and maintenance of the air conditioning unit). In 2014, about 2,200 binary bags (containing no lipids) were prepared.
Creating the working group
The project group consisted of the chief pharmaceutical assistant, two pharmacy students and the pharmacist responsible for the activity, who was the methodology specialist and also assumed the role of group leader. The chief pharmaceutical assistant was trained to quality approach. The other pharmaceutical assistants were encouraged to participate to brainstorming and in the scenario analysis.
Identifying the scope of the study
The pharmaceutical stage of the production of parenteral nutrition bags is the focus of the PRA. Prescription, bag administration and patient monitoring are therefore all excluded from the scope of this study. Internal functional analysis using the RELIASEP method [14] The process is broken down into different basic functions, with each function subsequently broken down into three sub-functions (Figure 2 ). The three sub-functions all follow a logical progression:
Three phases were identified: 1. Field the request, 2. Ensure production, 3. Carry out checks.
Assessing dangers
Textbook classifications of dangers vary and are more applicable to clinical services. This means that they are not suitable for production. Therefore, a personalised classification of Mortureux, adapted from Desroches [15] , was drawn up based on experience, literature, brainstorming and the 60 undesirable events which had been recorded over the previous 12 months. The team mapped the risks linked to the process, including five general risks (legal, environment, physical, human and managerial) and 14 specific risks. A further 35 potential risks were also identified. Table 1 shows the general risks.
Identification of dangerous situations
For each phase of the process, dangerous situations were analysed for each risk identified. The level of vulnerability was identified alongside the level of priority, which was determined on the basis of a two-tier classification (in Table 6 , high vulnerability and priority attention needed 1 in red, medium vulnerability and priority 2 in yellow). 
Defining assessment components
Desroches' recommendations [16] were used to determine the assessment criteria. A five-tier rating system was chosen for the evaluation.
-Level of Severity (S) ( Table 2 ):
This metric enables to assess the impact of undesirable events. At levels S1, S2 and S3, the impact on patient and equipment safetyis of no consequence. At level S4, the impact is reversible whereas it is irreversible at level S5.
-Level of Probability (P) ( Table 3) The scale of probability (P) enables the subjective probability of the occurence of a potential risk to be assessed.
Determining decision components
The three-tier criticality scale (C1-C3) and the four-tier effort scale (E0-E3) are decision-making components which assist in measuring the impact and acceptability of a risk in order to determine priority measures to be taken.
-Level of criticality and decision-making framework (Table 4) The decision-making framework shown in Table 4 is based on the levels of severity and probability. It provides an overview of the criticality level of initial risks and forms the basis for determining which response measures are to be taken. All scenarios with an initial criticality level of 2 or above require action to be taken to reduce the level of risk.
-Level of effort (E) ( Table 5) The level of effort (E) required to address the risk, i. e. the financial cost of eliminating, reducing, managing or controlling the risk, is determined by a four-tier classification (Table 5) :
Identification & execution of scenarios
In order to craft PRA scenarios, an Excel ® 2010 worksheet was used to list incident scenarios, i. e. the cause or initial event which triggers a dangerous situation, its consequences, existing corrective measures and the criticality of the initial and residual risk for each dangerous situation. Risk mitigation measures were researched for all scenarios with a criticality level of 2 or above. Residual criticality, i. e. the remaining process criticality once risk mitigation measures have been taken, was then determined and residual risk management indicators were proposed.
Results & discussion
The PRA method suggested by the National Authority for Health [6, 7] can be used at any point during a process [16] . This approach is appropriate in the process of producing parenteral nutrition bags. Studies attest to the use of PRA in cancerology, radiotherapy, sterilisation and administration of medicines in hospital pharmacy [13, [17] [18] [19] [20] however there is no evidence of it being used for parenteral nutrition.
The PRA system: identifying situations on the basis of general and specific risks and determining their vulnerability Risks flagged up during the different stages of the process of producing parenteral nutrition bags enabled the identification of 63 dangerous situations (Table 6) , of which 77.7 % have a vulnerability level of 2, i. e. significant. This confirms the critical nature of the process and enables priority measures to be drawn up to improve it.
Phase 2, i. e. the production phase, features the highest number of dangerous situations (26) followed by phase 1 (field the request -19) and phase 3 (checks -18). This corresponds to the general feeling amongst the team: any product or sterility error during the production phase could be fatal to a premature baby. This is attested to in a paper on ensuring safety during chemotherapy The criticality scale which forms the framework for decision-making (Green = criticality level 1, yellow = criticality level 2, red = criticality level 3).
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treatment, including the preparation stage, drawn up in 2007 by Hayat [21] . Phases 1, 2 and 3 feature several dangerous situations relating to task errors. This is due to the numerous tasks that pharmaceutical assistants have to perform to decontaminate apparatus, prepare syringes, set up the robotic device and carry out checks. This observation is also made in Charpentier's paper on ensuring safety whilst restocking a robotic nominative dispensing unit [17] .
In phase 1, there are also dangerous situations relating to the Hospital Information Technology (HIT) system. A HIT problem (network, software, printer) requires the use of a staggered procedure, which is a potential source of risk. In phase 2, the HIT system (software, network or printer error) and healthcare products (shortage, market change) are potential sources of dangerous situations.
PRA scenarios: Assessment of initial risk criticality, proposals for mitigation measures and evaluation of residual criticality On the basis of the 71 scenarios described, the percentage share of the initial criticality levels has been calculated for each general risk (Figure 3 ). 
Linked to medical or robotic devices
Linked to sub-contracting of biocleaning & technical aspects 
Initial risks
The fact that there are several level 3 criticality risks across the five risk types shows that the process has not been made entirely risk-free. Although the number of scenarios is the highest in the 'human' risk category (Figure 3) , this category has also seen the most efficient risk mitigation activity (it has the lowest proportion of level 3 criticality risks). One of the contributing factors is initial staff training [22, 23] . Manual additions during the production phase (products added manually following the production of the bag by the robotic device) require a greater level of risk mitigation. This risk is also mentioned in the work carried out by Kotzki et al. [24] . The highest number of level 3 criticality scenarios was in the environmental and managerial risk categories. In the environmental risks category, all scenarios linked to ambient air quality and the performance of the hood, the robotic device and the Hospital Information Service (HIS) are of level 3 criticality. As for the managerial risks, those linked to outsourcing and service quality in particular score highly in terms of criticality. Bags which are non-compliant in quantitative or qualitative terms constitute a potentially lethal risk for the patient. In order to make the process secure, a range of measures have been put in place and categorised on the basis of the level of effort required. The following measures entail an effort level of 2 or under: -Work with the anti-nosocomial infection unit and the budget unit to identify required skills for maintenance staff, review the biocleaning method, set up visual aids, deliver continuous training courses inhouse for staff of external contractors and carry out an annual activity audit for maintenance staff.
-Establish charters for sub-contractors.
-Further strengthen the skills acquired by pharmaceutical assistants during training courses by implementing a continuous professional development programme. -Perform double checks on all manual additions to bags. -Organise training sessions on safety awareness.
There is one measure with an effort level of 3: -Change the production software and microbiological safety cabinets (ISO 5 for handling activities)
Distribution of residual risk criticality per general risk
Following the implementation of the risk mitigation measures listed above, residual risk criticality was reassessed.
Residual risks
As shown in Figure 4 , the PRA method has enabled to suggest risk mitigation measures and reduce system criticality. Initially, there were 4 scenarios classified as C1, 48 as C2 and a further 20 as C3. Now, there are 49 C1 scenarios, 30 C2 scenarios and 0 classified as C3. The most successful risk mitigation measures pertain to physical risks, followed by environmental, human, managerial and legal. It should be noted that the events identified did not cause harm to patients thanks to effective team work. 
PRA comparison to other risk analysis methods
Despite PRA has never been published for bags parenteral nutrition production process, other approaches are reported in literature, such as FMECA [11] . For instance, Tours University Hospital reports the results of a FMECA, performed with the objectives to replace the robotic device. The area was quite different from the present PRA, Tours being more focused on prescription step and less on outsourcing step for instance. Nevertheless, it highlights similar critical points: staff formation and accreditation, aseptic process, product error, manual addition to bags. The PRA revealed a more important risk of checking step and outsourcing, Concerning skills of pharmaceutical assistants, it was more critical in PRA, this can be attributed to the important number of pharmaceutical assistants to assume NP production on Saturdays.
However, there are certain limits to the PRA and FMECA methods, such as the subjective nature of risk evaluation. This is all the more relevant given the small size of the working group [25] and the fact that the evaluation focused on the team's work at a given moment in time. The results should be interpreted as orders of magnitude which make it possible to assess the team's perception of risks. It transpires that a mere 15 % of practitioners actually report undesirable events [3] . This emphasises the importance of developing a culture of safety to encourage the reporting of such events.
To avoid the emergence of such problems, specialised teams use complex mathematical approaches (Montecarlo) to quantify risk in certain areas [26] .
Conclusion
The preliminary risk analysis method enabled risks to be assessed and risk mitigation measures to be taken. This can be beneficial for healthcare institutes, as stated by Desroches [16] , but it requires training and time. It also serves as a communication tool for all involved in the process. Thanks to this method, the criticality of risks which could affect the system has been reduced. The establishment of residual risk mitigation indicators will enable the efficiency of the action plan to be evaluated, thus ensuring process safety. Professionalism, team involvement and team work ensure a pro-active approach to risk management.
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